Objectives-To estimate the eVect of the population based service screening programme in Sweden on mortality from breast cancer among women aged 50-69. Setting-In 1986, population based service screening with mammography started in Sweden, and by 1997 screening had been introduced in all counties. Half of the counties invite women from 40 years of age whereas women 50 and older are invited in the other counties. The upper age limit was either 69 or 74. Women in the age group 50-69 years are thus invited to screening in all counties. Methods-The counties which started with mammographic screening in 1986-87 constituted the study group and were compared with the counties which started in 1993 or later. In 1987 the mean number of women aged 50-69 was 161 986 and 98 608 in the study and control groups, respectively. Refined excess mortality (smoothed with the Lowess method) from breast cancer and refined cause specific mortality from breast cancer were used as eVect measures. To adjust for geographical diVerences in mortality from breast cancer a reference period was used. Allowance was made for two potential biases: (a) inclusion bias implying the inclusion of cases diagnosed before invitation to screening in the first screening round, and (b) lead time bias. Results-After a mean follow up time of 10.6 years since the start of screening and a mean individual follow up time of 8.4 years, a non-significant reduction in refined excess mortality for breast cancer was estimated as relative risk (RR) 0.84 (95% confidence interval (95% CI) 0.67 to 1.05). After adjustment for inclusion and lead time biases the RR was 0.80 (20% reduction). Only 27% of the deaths from breast cancer in the total mortality for women aged 50-79 at death consisted of women aged 50-69 at diagnosis who were diagnosed after the start of screening. This figure has important implications for judgement of the impact of screening on age specific national breast cancer mortalities. Conclusions-A non-significant reduction in mortality from breast cancer was found in counties performing service screening with mammography in Sweden. Adjustment for possible biases changed the result towards a larger eVect of screening. The results do not contradict the eVects found in the Swedish randomised mammography trials. (J Med Screen 2001;8:152-160) 
Randomised studies have shown that screening for breast cancer with mammography causes a reduction in mortality from breast cancer, 1 2 especially for women aged 50-69 at invitation to screening. Today nationwide service screening programmes have been initiated in Sweden, Finland, The Netherlands, the United Kingdom, and Luxembourg. Out of these, only the Finnish programme was designed to evaluate the impact on mortality from breast cancer at a later stage. 3 A few attempts have been made to estimate the eVects of service screening in Sweden. Törnberg et al 4 compared mortality from breast cancer in counties where the randomised trials on mammographic screening were being conducted with mortality from breast cancer in all other counties. In the northernmost public health region the variation in mortality from breast cancer in counties which started screening early was compared with that of counties that started late, 5 and in the county of Uppsala the eVect of screening on mortality from breast cancer was estimated by surrogate measures. 6 When the first results from the two county study in Sweden were published, 1 the National Board of Health and Welfare issued guidelines for mammographic screening 7 recommending a lower age limit not below 40 years and not over 50 years, and an upper age limit not below 69 years. Consequently, the age group 50-69 years was covered in all counties where screening was introduced. Service screening started in Sweden in 1986 and by 1997 it had been introduced in all 25 counties.
The aim of the study was to estimate the eVect of the population based service screening programme in Sweden on mortality from breast cancer among women aged 50-69. An evaluation of programmes inviting women of 40-49 to screening has previously been reported.
activities within the geographical areas, age groups invited, and intervals between screening rounds-were obtained from the screening centres through a questionnaire. For each breast cancer case, data on diagnosis and on death for those who had died were obtained from the nationwide Swedish Cancer Registry. Data on mortality from breast cancer aggregated by calendar year, county, and 5 year age groups were obtained from the Swedish Cause of Death Registry. Population data aggregated by calendar year, geographical area, and 5 year age groups were obtained from Statistics Sweden.
All organised mammographic screening in Sweden is population based. Some of the counties applied two or more screening programmes that diVered in year of start and age limits. We therefore had to divide those counties into smaller geographical areas to obtain homogeneous units. The geographical areas where invitation to screening started in the mid-1980s constituted the study population, and the geographical areas which started screening in the mid-1990s formed the control population (table 1) . The geographical distribution of the diVerent areas is shown in figure  1 . In 1987 the mean population of women aged 50-69 years was 161 986 in the study population and 98 608 in the control population. The weighted mean screening interval was 23 months.
We studied two periods, 1979-90 (reference period) and 1986-97 (study period). The time for start of screening in the study population varied between August 1986 and October 1987 (table 1) and the weighted mean was February 1987. The study population was defined as a cohort for each geographical area during the study period, and comprised all women aged 50-69 years in the calendar period from the month when the first invitation to screening was issued and 7 years thereafter (accrual period). The accrual periods for the geographical areas are given in table 2. For the reference period the corresponding cohorts were also defined with the same delays due to screening start in the respective geographical area. For the control population, cohorts were defined by women 50-69 years of age in the accrual periods 1980-6 and 1987-93, respectively, for the reference and the study periods. The cohorts in the reference period were followed almost up to the end of 1990 and the cohorts in the study period at most to the end of 1997 (table 2, fig 2) . For geographical areas in the study group, start of follow up was defined as the month when invitation to screening started in the respective area. For all geographical areas the time for start of follow up was set at 0.
Due to lack of individual screening data we had to use aggregated data. We also had to make an approximation for time of start within the whole geographical area. However, for the breast cancer cases individual information was used about date, age, and residence at diagnosis of breast cancer, date of death, and cause of death. For the calculation of person-years, aggregated population data were used.
A breast cancer case was defined as a case of invasive breast cancer (site code=174 in the international classification of diseases, ICD-9, and histo-pathological code=096 according to WHO/HS/CAN/24.1) diagnosed at age 50-69 during the reference or the study period (fig 2) . If a woman had two diagnoses of breast cancer in one of the periods, 1979-87 or 1986-94, the second cancer was excluded. A death from breast cancer was defined as a breast cancer case, defined as above, reported to the Cause of Death Registry not later than 31 December 1997, with breast cancer as the underlying cause of death.
Methods
Age specific mortality from breast cancer for the period 1971-97 was plotted for the study group and the control group. This was based on the total number of deaths from breast cancer each year, referred to here as "total mortality from breast cancer". The mortality was also smoothed with the Lowess method. 9 The mortality from breast cancer for cases diagnosed after a certain time point and in a certain age group is referred to as "refined mortality from breast cancer". 5 10 By contrast with total mortality, refined mortality can naturally not be interpreted in the same way for diVerent years of follow up.
During the follow up, women were between 50 and 79 years of age. Particularly in older women, there may be some uncertainty about determination of the underlying cause of death. We therefore used two methods for determining mortality from breast cancer: excess mortality 5 ; and breast cancer as the individual underlying cause of death.
Cumulative refined mortality from breast cancer/100 000 was computed with the mean number of person-years as denominator (person-years divided by years of follow up), and cumulative relative risks (RRs) were estimated. To adjust for possible geographical diVerences in mortality from breast cancer between the study group and the control group, the RR for the study period was divided by the RR for the reference period. This ratio is the RR due to invitation to screening assuming multiplicative eVects between the groups and the periods. The adjustment also corrects for the slight diVerence in duration of follow up between the study group and the control group.
The refined mortality from breast cancer was also analysed with a multiplicative Poisson model with the number of breast cancer deaths (underlying cause of death) as dependent variable, and year of follow up, age during follow up (5 year classes), geographical area, and period as covariates, all categorical. 11 The excess mortality was analysed in the same way but here the dependent variable was the number of deaths among the cases of breast cancer (see appendix for more details). The screening eVect was measured by a dummy variable set to 1 for the study group cohorts in the study period and 0 elsewhere. The logarithm of the number of person-years in each cell in the cohorts were taken as oVset.
The statistical analyses were done with the program S-Plus. 12 Some important biases may have been inherent in this observational study. These biases are (a) inclusion bias implying inclusion of cases in the study group diagnosed with breast cancer before invitation within the first screening round, and (b) lead time bias.
INCLUSION BIAS
A potential bias which may lead to dilution of the results stems from diYculties at the beginning of the accrual period in defining the studied population, as it is necessary to wait until the first screening round is finished before all the women within a screening area have been invited. We included all incident cases of breast cancer after the start of invitation to screening within a geographical area, among which there were an unknown number of cases diagnosed before invitation to screening during the first round. This will of course lead to dilution of the potential benefits of screening, as several cases, not yet invited, were included in the screened population. The magnitude of this problem was estimated by a simulation using the fact that the weighted mean screening interval for the first round was 28 months. For a given 28 month calendar period we assumed a random time point for invitation of each woman with a diagnosis of breast cancer to be uniformly distributed over (0 to 28) months. Based on this sample, the cumulative mortality from breast cancer in the period was estimated for the women who were invited after diagnosis. This was replicated 200 times in each of the intervals from October 1981 to January 1984, and from February 1984 to May 1986, and the mean cumulative mortality from breast cancer was calculated. Breast cancer cases who lived in the same geographical areas as the combined study and control groups were used. This estimated mortality made it possible to calculate an expected number of deaths from breast cancer in the study cohorts among the cases diagnosed before they were invited for screening, and the calculation resulted in a figure of 118.1 (26% of the observed number of deaths (O) from breast cancer (underlying cause of death) in the study cohorts during the study period). If the adjusted RR is formulated as O/E, where E is the corresponding number expected without screening, we can perform a straightforward correction of the RR. The adjusted RR becomes where is the expected number of deaths from breast cancer in women with a diagnosis of breast cancer before invitation to screening during the first screening round (28 months).
LEAD TIME BIAS
The purpose of mammographic screening is early detection of breast cancer. Therefore many cases of breast cancer in the study cohorts were probably diagnosed at an earlier time and at a lower age than corresponding cases in the control cohorts. If this also applies to women who died from breast cancer during the follow up, it might give rise to a lead time bias in this study. Age was defined at diagnosis in the present study. Thus, a woman in the group invited to screening may have been classified as belonging to the age group below 70 years whereas a corresponding woman in the control group might have been 70 years or more at diagnosis, even though she had an otherwise comparable cancer and died from it at the same time. At the lower age limit, lead time can also cause a bias in the opposite direction if women in the study cohorts below 50 years had been invited to screening. To estimate the diVerence in lead time among women who died from breast cancer, we defined a group of women 45-60 years old at the start of screening who lived in the geographical areas where screening started in 1986-7. These are the same areas which were used as a base for the study population already mentioned. A corresponding group with a common start in February 1987 was defined in the geographical areas where screening started late (1993-7; the same areas which were used for the control population). The cohorts were followed up for 10 years. Mean survival in the two groups was derived for all women who were diagnosed with breast cancer and died from breast cancer during the follow up. If a woman had two diagnoses of breast cancer during the follow up, the second was omitted. In all geographical areas in the study group except for Bohus, women aged 40-49 were also invited to screening. Therefore Bohus was excluded from this computation. The mean survival times for the 249 and 238 women who died from breast cancer were estimated as 2.98 and 2.82 years, respectively, for the screening group and the group where screening started late. Hence the diVerence in mean survival time was 0.16 years. This diVerence was not significant (p=0.20 with the Wilcoxon's rank sum test). As it is possible that mammographic screening also can have caused prolonged survival among the women who died from breast cancer during the follow up the estimated mean lead time was at most 0.16 years. Assuming this estimate to be a constant diVerence in survival time between the study group and the control group among the women who died from breast cancer, a correction of the RR was made by excluding the cases in the study cohorts who were diagnosed at the age of 69.84-70 years and died from breast cancer. We found two cases fulfilling this criterion. A correction in the opposite direction was made by adding women in the study group, except in Bohus where the lower age limit for invitation was 50 years, diagnosed at the age of 49.84-50 years. Here we found four cases who died from breast cancer. The total adjustment of the RR for possible lead time around the upper and lower limits of the RR should be an increase of (4-2)/451=0.4%. As cases of breast cancer that occurred over 7 years were included and followed up for 10-11 years, there might be a lead time bias at the end of the accrual period (table 2) . Women who died from breast cancer during the follow up might have been diagnosed earlier and therefore included in the screened cohorts, whereas a corresponding woman in the control cohorts might have been diagnosed after 7 years of accrual and therefore not included. Using the estimated diVerence in lead time of 0.16 years as already discussed, we found that there were two women in the study group who died from breast cancer more than 7 years after the start of screening and who were diagnosed 6.84-7.0 years after the start. This possible bias corresponds to a 2/451=0.4% reduction of the RR. Hence the impact of lead time bias seems to be small.
Results

TOTAL MORTALITY FROM BREAST CANCER
The total mortality from breast cancer/ 100 000 in Sweden in the age group 50-79 in 1975 and 1995 was 82 and 70, respectively. This corresponds to a yearly decrease of 0.8%. The annual age specific mortalities from breast cancer in the age group 50-79 for the study and the control groups during the period 1971-97 are shown in fig 3 A , and the corresponding smoothed curves for age groups 50-59, 60-69, and 70-79 are shown in fig 3 B . For the age groups 60-69 and 70-79, there seems to be a decreasing trend in mortality in the study group which is not found in the control group except for a decrease in the age group 70-79 between 1971 and 1980. For the control group the trend after 1980 seemed to have been constant. Among women of 50-59 the only change was a decrease in the study group after 1985.
REFINED MORTALITY FROM BREAST CANCER
The total mortality from breast cancer includes a number of breast cancer deaths in the study period due to cancer detected before the start of screening. To avoid including cases who were diagnosed to have breast cancer before the start of screening, the refined mortality from breast cancer was analysed. In the study period, the follow up started from the month of the start of invitation to screening in each study area, and from January 1987 for the control areas. The mean follow up time was 10.6 years (range 10-11) in the study areas and 11 years in the control areas. By definition, the mean follow up times were the same in the reference period.
During the study period 1986-97 there were 648 deaths among patients with breast cancer in the study cohorts and 397 deaths in the control cohorts (table 3) . Based on the mortalities in the respective counties and the number of person-years among the breast cancer cases (a total of 18 250 in the study cohorts and 7282 in the control cohorts) the expected number of deaths was 200 and 83, respectively. This implies that the excess number of deaths were 448 and 314, respectively.
The cumulative excess mortality from breast cancer for the study and control groups in the two periods is given in figure 4 . The cumulative excess mortality/100 000 from breast cancer at 11 years in the study period was 241.9 for the study group and 273.1 for the control group. (table 4) . Three covariates were found to be significantnamely, year of follow up (p<0.001), age (p<0.001), and period (p<0.001). The estimated RR in this model due to invitation to screening was 0.86 (95% CI 0.69 to 1.07).
During the study period 1986-97 there were 451 deaths from breast cancer (underlying cause of death) in the study cohorts and 318 in the control cohorts. The cumulative number of deaths from breast cancer and the cumulative mortality from breast cancer by geographical area and period are given in table 1. Due to the large variation in the estimates for each geographical area, only the aggregate measures for the study and control cohorts were used. The cumulative mortality from breast cancer for the study group and the control group in the two periods are given in figure 5 . The cumulative mortality from breast cancer/ 100 000 at 11 years in the study period was 243.6 for the study group and 276.6 for the controls. In the reference period the figures were 305.9 and 313.2, respectively. Hence the adjusted RR in the screening group was 0.90 ((243.6/276.6)/(305.9/313.2)) and the 95% CI was 0.74 to 1.10. These data were also analysed in a multiplicative Poisson model (table 4) . Three covariates were found to be significant-namely, year of follow up (p<0.001), age (p<0.001), and period (p<0.001). The estimated RR in this model due to invitation to screening was 0.91 (95% CI 0.74 to 1.10).
For a comparison with the total mortality (fig 3 A and B) , the cumulative number of deaths from breast cancer in the period 1987-96/97 for total and refined mortality are given in table 5. Out of the 1682 deaths comprising the total mortality from breast cancer for the age group 50-79 only 451 were included in the refined mortality model (27%).
Allowance for inclusion bias reduces the RR (excess mortality) from 0.84 to 0.80. A corresponding calculation for the results if the individual underlying cause of death were used would reduce the RR from 0.90 to 0.87 (table  6) . Allowance for lead time bias did not change the results.
In conclusion, the results showed that with allowance for important biases, screening women aged 50-69 resulted in a 20% reduction of excess mortality from breast cancer.
Discussion
In a previous study, a 19% reduction in mortality from breast cancer associated with mammographic screening was estimated for women aged 50-74 by comparing data on mortality from breast cancer in counties that participated in the randomised trials with those that had not. 4 A study in England and Wales found a 12% reduction in total mortality from breast cancer in the age group 55-69 7 years after the start of screening. 13 In another study from England, mortality from breast cancer was compared with expected mortality.
14 After correction for eVects of treatment, the direct reduction in mortality from screening was estimated to be 6%. In a Dutch study the nationwide breast cancer screening programme from 1990 to 1998 for women aged 50-69 was evaluated. 15 The mortality from breast cancer in 1998 was significantly lower than expected based on years without screening. In a study in Finland a rate ratio of 0.76 deaths from breast cancer for a screening programme on women aged 50-59 was obtained. 3 A study from northern Sweden 5 indicated a 33% reduction in excess mortality related to breast cancer in a service screened population compared with an unscreened population for women aged 50-69. However, in that study no reference period was used, and some of the reduction may thus be explained by diVerences in baseline mortality. To summarise, these studies showed a reduction in mortality comparable with the results from randomised studies of women aged 50 and above.
The present study had a mean follow up of 10.6 years after start of invitation to screening in women who were diagnosed with breast cancer at the age of 50-69. Although not significant, a reduction of 20% of mortality from breast cancer was estimated. Due to a mean screening interval of 28 months for the first round, the mean individual follow up since first invitation to screening was about 8.4 years. In the latest overview of all Swedish randomised studies, a significant reduction in mortality of 29% was evident after an individual follow up of 5-13 years. 2 The reduction after 8.4 years was estimated to be 25% (graphical reading).
To account for the diVerence between the present study and previous randomised studies, we found no obvious diVerences in quality indicators-such as rates of attendance, recall, cancer detection, and screening intervalsbetween service screening and the randomised trials. 16 17 There are, however some possible sources of bias, not mentioned before, that need to be taken into consideration.
The time trends in mortality from breast cancer diVer between the study group and the control group during the reference period ( fig  3 A and B) . This is most pronounced in the age group 60-69, where the trend in the study group has been decreasing since 1971, although it was constant for the control group. We also looked at trends in refined mortality before the start of screening by comparing the cumulative mortality from breast cancer/ 100 000 (underlying cause of death) in the reference period defined in exactly the same way but with start of accrual 8 years earlier. The figures for the study group were 366 and 306 for the earlier and the reference periods, respectively. For the control group the figures were 346 and 313. Hence there was a decrease of 60 for the study group and 33 for the control group over 8 years. We can only make assumptions about the trends after the start of screening in 1986. As the refined mortality from breast cancer follows the same trends as the total mortality from breast cancer, the observed reduction of refined mortality based on the underlying cause of death is most likely larger than what can be explained from mammographic screening only. If opportunistic screening was carried out in the control group, there is a possibility that the observed reduction in mortality would have been diluted. However, opportunistic screening in Sweden occurs mainly in large cities. As there are no large cities included in the control group, any possible problem of dilution of this type would be minor.
There was a diVerence between the number of deaths from breast cancer (underlying cause of death) in the cohorts (refined mortality) and the total number of deaths from breast cancer for women of 50-79 at death (table 5) . Only 27% of the deaths from breast cancer in the total mortality for women of 50-79 at death consisted of women aged 50-69 at diagnosis who were diagnosed after the start of screening-that is, cases included in the refined mortality model. The corresponding figures in the age groups 50-59, 60-69, and 70-79 were 33%, 43%, and 12%, respectively. This means that at least 73% of the deaths included in the total mortality from breast cancer in women of 50-79 at death were not relevant in evaluating the eVects of screening at ages 50-69. Even if cases of breast cancer were included during the whole follow up time (11 years accrual time instead of 7 years), only 31% of the deaths in the total mortality for women of 50-79 at death consist of women who were aged 50-69 at diagnosis, and were diagnosed after the start of screening. Thus, total mortality from breast cancer does not illustrate the eVect of screening, even after a decade of follow up. 18 19 We have used two methods to estimate breast cancer mortality: excess mortality; and breast cancer as the underlying cause of death coded by the National Cause of Death Registry. With individual data, it can be diYcult in many cases to decide whether breast cancer is an underlying or only a contributory cause of death. This decision becomes more complicated in older patients. Excess mortality compares observed and expected mortality among the patients with cancer. It is therefore possible to measure all mortality caused by breast cancer. The two methods were compared in a Swedish study. 20 The diVerence in RR increased over age but the RR was generally lower for excess mortality. In the age group 40-49 the diVerence was 1%, whereas in the age group 70-74 the diVerence was more than 20%. The diVerence in the age group 50-69 was 3%-4%. A contributory explanation for the diVerences could be the higher incidence of breast cancer in the study group due to screening. For some deceased cases a diagnosis of breast cancer may contribute to the decision of breast cancer as the underlying cause of death whereas in the absence of a diagnosis of breast cancer this would not have happened. Thus the RRs might be biased when comparing older women by underlying cause of death. In the current study the RR was 5%-6% lower when excess mortality was used.
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